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Materials and Methods: SiH
MTT assay was used to d ation rate. Flow cytometry was used to detect
the apoptosis rate and to s rkers. The Transwell test was used to detect cell

to detect protein expression in tumor tissues.

167 and PCNA were decreased, but the expressions of Caspase-3
Wecased. The overexpression of miR-181c-5p inhibited the stem-like
ells; the expressions of SOX2, OCT4 and CD44 were decreased.
e, miR-181c-5p upregulation limited the invasion of SiHa cells; the expression

Conclusion: Taken together, miR-181c-5p was able to mitigate the cancer cell characteristic
and invasive properties of cervical SCC through targeting GSKIP gene.
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interaction protein, miR-181c-5p

Introduction

Cervical cancer (CC) is the third most common gynecological malignancy world-
wide and the second leading cause of cancer-related mortality in women, with an
estimated 530,000 female dying each year.! About 87 percent of cervical cancer
occurs in developing countries, where cervical cancer is the leading form of
gynecological cancer.”® Cervical squamous cell carcinoma (SCC) is one of the
most common types of CC, accounting for about 80-90% of CC, and the most
important risk factor for cervical SCC is persistent human papillomavirus (HPV)
infection.* Epidemiological studies have reported that more than 99% of patients
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with cervical SCC are positive for high-risk HPV (HPV 16,
HPV18 and HPV31).>® High-risk HPV contains oncopro-
teins, E6 and E7, which promote cervical SCC by silen-
cing tumor-suppressing p53 and Rb proteins, as well as
some cancer-related genes.” The molecular mechanism of
the occurrence, development and metastasis of cervical
SCC has not been fully explained. Therefore, it is neces-
sary to further understand the molecular targets and path-
ways for progression and metastasis of cervical SCC.
Previous studies have reported that miRNAs affected
multiple biological pathways of cervical cancer, by analyzing
246 dysregulated miRNAs and 40 confirmed CC target
genes.® Evidences have indicated that miR-181 family con-
tains four highly conserved mature miRNAs: miR-181a, miR
—181b, miR —181¢ and miR —181d, which come from six
precursors on three different chromosomes.” MiR-181a-1
and miR-181b-1 are located on chromosome 1, miR-181a-2
and miR-181b-2 on chromosome 9, and miR-181c and miR-
181d on chromosome 19.'® Studies have found that the
aberrant expression of miR-181s in tumor tissues suggest
a crucial role in cancer development and progression."’
Glycogen synthase kinase 3 beta interacting protein
(GSKIP) is a scaffolding protein in the cytoplasm, which
binds to a protein kinase (PKA) and glycogen synthe
kinase 3B (GSK3p).'? As one of the A-kinase anchorin

41, and can negatively regulate the
of GSK3p."* Wnt signaling mo

eration and metastasis
B-catenin signajg

CLC cells.'® However, the
role of miR- -5p in cervical SCC has been rarely
reported. In this stS8@ the expression level of miR181c-5p
in tumor cell lines and tissues was profiled. Furthermore, the
role of miR181c-5p in tumorigenesis in cervical SCC and

the underlying mechanism was investigated.

Materials and Methods

Cell Culture
Ect/E6E7 cell line was purchased from Mingzhou biotech-
nology co., LTD. SiHa, HEC-1-A, ME-180, Hela cell lines

were purchased from Procell life sciences LTD. All cell lines
were maintained in Dulbecco’s Modified Eagle Medium
(DMEM) (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) containing 10% fetal bovine serum (FBS) (Gibco,
Rockville, MD, USA) at 37°C in a humidified incubator
containing 5% CO2.

Cell Transfection
MiR-181c-5p mimics and scramble (antisense inhibitors)
China).

were purchased from RiboBio (Guangzhou,

cells for 8h after 25 minutes in a CO, incubator
hermo, USA). After 48 hours of transfections,
e SiHa cells were collected for further analysis.

Reverse Transcription Quantitative
Real-Time PCR (qRT-PCR)

Total RNA was extracted from cells and tissues with
TRNzol (TIANGEN BIOTECH,

Beijing, China) following the manufacturer’s protocol.

Universal Reagent

The qRT-PCR reaction was performed with Quant One
Step gqRT-PCR Kit (Probe, TIANGEN BIOTECH,
Beijing, China) by using the Bio-Rad CFX96 PCR
System (Bio-Rad, CA, USA). The thermocycling condi-
tions were as follows: A holding step at 95°C for 30 sec,
and 40 cycles at 95°C for 5 sec and 60°C for 30 sec. All
primers were designed as follows: GSKIP, forward 5’ -CA
TGGTGGTACCTGCTTGTG-3', reverse 5' -GAAAGGGT
CTTGCTCTGTGG-3’; miR-181c¢-5p, forward 5’ -UUGU
AAGUUGGACAGCCACUCA-3', reverse 5' -TGGTGTC
GTGGAGTCG-3', GAPDH, forward 5-TAGCTGAACC
GTAACTGGC-3', reverse 5'-CCTAGGAACTAACGGCG
TT-3'. CT value was normalized to GAPDH and calculated
with the 2744,
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Luciferase Reporter Assay
Targets between GSKIP and miR-181¢-5p were speculated
by Targetscan7.0 (http://www.targetscan.org). 3'UTR frag-

ments of GSKIP (wt and mut) were constructed into
a luciferase reporter vector (pmirGLO; Promega, USA).
Thereafter, cells were transfected with Luc-GSKIP-wt or
Luc- GSKIP -mut solely or combination with miR-181c-
5p mimic. Luciferase activity was determined by the Dual-
Luciferase Reporter Assay kit (Promega, USA).

Cell Proliferation Assay

Methyl thiazolyl tetrazolium (MTT; Solarbio, China)
assays were carried out to detect proliferation in SiHa
cells.Cells were seeded in 96-well plates at a density of
(5-7) x 10° cells per well. Cells from the different treat-
ment groups were cultured for another 24 h, 48 h or 72 h,
and 10 pL of MTT (5 mg/mL) was added to each well and
incubate for 4 h at 37 °C. Then, the reaction was stopped
with 100 mL of dimethyl sulfoxide (DMSO), and the
absorbance was measured at 490 nm on a microplate
reader (Bio-Tek Instruments, Winooski, VT, USA).

Flow Cytometry

Proteins isolated
10% SDS-P4

Ki67 (sc-239%@1:1000 Santa Cruz Biotechnology, USA),
PCNA (#2586, W:1000, CST, USA), cleaved caspase-3
(#9660, 1:1000, CST, USA), Bcl-2 (#13-8800, 1 ng/mlL,
invitrogen, USA), Bax (#2772,1:1000, CST, USA), SOX2
(#2748, 1:1000, CST, USA), OCT4 (#2750, 1:1000, CST,
USA), CD44 (#3578, 1:1000, CST, USA), E-cadherin
(#14472, 1:1000, CST, USA), N-cadherin (#14215, 1:1000,
CST, USA), Vimentin (#39325, 1:1000, CST, USA) and
GAPDH (#97166, 1:1000, CST, USA). Then, the samples
were washed with PBS and incubated with anti-rabbit IgG

(#7074, 1:2000, CST, USA) and anti-biotin HRP-linked
Antibody (#7074, 1:1000, CST, USA) for 1h. The bands
were visualized with the ECL chemiluminescent detection
kit (Perkin Elmer Cetus, Foster City, CA, USA).

Transwell Assay

Transwell assay was conducted to monitor invasive capacity.
The cells were trypsinized and seeded in a serum-free med-
ium supplemental with 10% FBS at 3x10* cells/well. After
incubation for 24 h, the remaining cells on the upper surface

were dislodged by a cotton swab migrated cells were

3°C, humidity 60%, in a 12-h light/dark cycle
to food and water. SiHa cells (purchased from
ech Inc., China) transfected with miR-181c-5p
were subcutaneously injected into the right thigh to
form xenograft tumors. The mice were divided into 2 groups
with 9 in each group: control group, miR-181c-5p mimic
group. Tumor weight was measured after 30 days post injec-
tion. Mice were euthanized by intraperitoneal injection of
pentobarbital sodium (200 mg/kg body weight). Tumors
were harvested for subsequent experiments.

Immunohistochemistry

After dewaxing, rehydration and repair, the paraffin section
was sealed with 5% normal goat serum for lh and co-
cultured with primary antibodies Ki67 (#9449S, 1:400,
CST, USA), cleaved caspase-3 (#9661, 1:200, CST, USA),
CD44 (#3570, 1:50, CST, USA), Vimentin (#5741, 1:200,
CST, USA) overnight at 4 °C. Sections were then washed
with TBST and incubated with SignalStain® Boost THC
Detection Reagent (#8125, CST, USA) for 30 min at room
temperature. After that, sections were stained with
a SignalStain DAB Substrate Kit (#8059, CST, USA) and
observed under an optical microscope.

Statistical Analysis
The statistical analysis was conducted with SPSS 21.0 (SPSS,
Inc, Chicago, IL, USA). Data were expressed as mean + S.
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D. and analyzed by #-test. Multiple sets of data were analyzed
by One-way ANOVA followed by Bonferroni post-hoc test.
P < 0.05 was considered statistically significant.

Results
The Expression of miR-181c-5p Is
Down-Regulated in Different Cervical

Cancer Cell Lines

As shown in Figure 1, we detected the expression level of
miR-181c-5p in Ect/E6E7 (cervical immobilized cell line),
Hela (cervical cancer cell line), SiHa (cervical squamous cell
carcinoma cell line), HEC-1-A (endometrial adenocarcinoma
cell line), and ME-180 (cervical epidermal cancer cell line).
The results showed that miR-181c-5p was down-regulated in
all tumor cell lines, especially in SiHa cell line, compared
with that in the normal Ect/E6E7 cell line. And because the
SiHa cell line was derived from human cervical squamous
cell carcinoma, it was selected for subsequent studies.

GSKIP Is the Target Gene of miR-181c-5p
Bioinformatics software predicted that the putative target
gene of miR181c-5p might be GSKIP, and that the bindi
site of miR-181c-5p and GSKIP was on the positl
664—671 of GSKIP 3'UTR (Figure 2A). In order to explor
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overexpression vector for GSKIP (pc- GSKIP). SiHa cells
were co-transfected with mimic and pc- GSKIP, and inves-
tigated the relationship between miR-181¢-5p and GSKIP
again. As shown in Figure 2C, compared with the control
group, the GSKIP mRNA level of mimic group decreased
significantly, while that of pc-GSKIP group was increased
significantly; Compared with the pc- GSKIP group, the level
of GKSIP mRNA in mimict pc-GSKIP group decreased
significantly. Thus, miR-181c-5p significantly offset the
overexpression of GSKIP. To confirm the targeting relation-

ship between mirl81 and GSKIP, we gaed luciferase

een from the MTT assay, the clone formation rate
the mimic group was significantly decreased, that of the
c-GSKIP group was increased, both of which compared
ith that of the control group; but the clone formation rate
of the mimic + pc-GSKIP group was significant decreased
compared with that of the pc-GSKIP group (Figure 3A).
Flow cytometry was used to detect the apoptotic cells. The
results showed that, compared with that of the control group,
cell apoptosis rate of the mimic group was significantly

] Ect/EGE7
3 SiHa
CJ Hela
& HEC-1-A
@l ME-180

0.0 T

Figure | miR-181c-5p was low expressed in multiple CC cell lines. RT-qPCR assay was used to detect the expression level of mir-181c-5p in Ect/E6E7, SiHa, Hela, HEC-
I-A and ME-180 cell lines. The experiments were repeated three times and the data are represented as means * SD; *P<0.05, **P<0.01 vs.Ect/E6E7 group.
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used to detect the levels of miR-181c-5p and GSKIP mRNA in SiHa cells after transfection with a min
cells after transfection with a mimic and a pc-GSKIP. (D) The luciferase reporter gene assay was

increased,that of the pc-GSKIP group was significantly
decreased; however, cell apoptosis rate of mimict pc-
GSKIP group were significantly elevated comparedaayith
that of the pc-GSKIP group (Figure 3B). In Western by

assay, the expressions of Ki67 and PCNA related to

liferation of St ells growth by targeting GSKIP.

miR-181c-5p Overexpression Limited the
Stem-Like Properties of SiHa Cells by
Targeting the GSKIP Gene

In the present study, ALDH positive cells were separated by
FACS. Compared with the control group, ALDH positive
cells of the mimic group were significantly decreased, and
those of the pc- GSKIP group were significantly increased;

H positive cells of the mimic+pc-GSKIP
viously decreased compared with those of
group (Figure 4A). Subsequently, molecules

D4 were detected by West Blotting. The results
showed that, compared with the control group, the expres-
sions of SOX2, OCT4 and CD44 of the mimic group were
significantly down-regulated compared with those of the
mimic group and those of the pc-GSKIP group were sig-
nificantly up-regulated; the expressions of SOX2, OCT4 and
CD44 of the mimict+ pc-GSKIP group were obviously
down-regulated compared with those of the pc-GSKIP
(Figure 4B). The above two experiments showed that miR-
181c¢-5p overexpression which targeted GSKIP could inhibit
stem cell-like characteristics in SiHa cells.

miR-181c-5p Overexpression Repressed
the Invasion of SiHa Cells by Targeting the
GSKIP Gene

As can be seen from the transwell assay, compared with
the control group, the invasion cells of the mimic group
were significantly reduced and those of the pc-GSKIP
group were significantly increased; However, the invasion
cells of the mimic+ pc- GSKIP group were significantly
decreased compared with those of the pc-GSKIP group
(Figure 5A). Expressions of proteins related to epithelial
mesenchymal transition (EMT), such as E-cadherin,
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cantly decreased; dherin expression of the pc-GSKIP
group was significantly reduced and N-cadherin and
Vimentin were significantly increased. In mimic+pc-
GSKIP group,

increased, but N-cadherin and Vimentin expressions

E-cadherin expression was largely
were significantly decreased, both of which compared
with those of the pc-GSKIP group (Figure 5B). These
data that miR-181c-5p

restrained the invasion of SiHa cells by targeting GSKIP.

indicated overexpression

Cell apoptosis rate (%)
2

o
1

3 Control
3 mimic
B pc-GSKIP

Bl mimic+pc-GSKIP

miR-181c-5p Mitigates the Tumor

Growth in vivo

In order to verify the results of in vitro experiments, we also
conducted a mice xenograft experiment. The result demon-
strated that the tumor weight in the mimic group was sig-
nificantly reduced compared with that in the control group
(Figure 6A and B). The expressions of miR-181c-5p and
GSKIP mRNA in tumor tissues were detected by qRT-
PCR. The result showed that the relative level of miR-
181c-5p in mimic group was significantly increased and the
relative level of GSKIP mRNA was significantly decreased,
both of which compared with those in the control group
(Figure 6C). At the protein level, expressions of Ki67,
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Disc
In recent , various studies have clarified that
microRNA reguMted gene expression by affecting impor-
tant regulatory genes, which thus resulted in the occur-
rence of CC.® It has been indicated that the aberrant
expression of the miR-181s in tumor tissues played
a potentially important role in tumor development and
progression.'”

However, what roles miR-181c-5p plays in cervical
SCC has been rarely reported. In this study, we first

investigated the expression of miR-181c-5p in the normal

etry was used to detect ALDH positive cells in SiHa cells. (B) Western Blot was performed
44 in SiHa cells. The experiments were repeated three times and the data are represented as means + SD;

cervical cell line (Ect/E6E7) and other four cervical cancer
cell lines (SiHa, Hela, HEC-1-A and ME-180). The results
showed that the expression of miR-181c-5p was down-
regulated in all cervical tumor cell lines and lowest in
SiHa cell lines from cervical squamous cell carcinoma.
Therefore, we focused on the effect of miR-181c-5p on
SiHa cells. The prediction of target gene of miR-181c-5p
indicated that GSKIP mRNA was potentially regulated by
miR-181-5p. Then, it was found that mir-181c-5p was
negatively correlated with the expression of GSKIP in
SiHa cells through experiments, and further luciferase
detection confirmed that GSKIP was the target gene of
miR-181c-5p.

The upregulation of miR-181 family inhibited the pro-
liferation of different types of tumor cells and promoted
apoptosis.'’ Reports showed that transfection of the pre-
cursor miR-181c molecule blocked growth of two gastric
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that miR-181c-5pR@@ppressed the viability of cervical SCC.

Studies have sho¥
role in the stem cell-like characteristics of a variety of
tumors. Liu et al reported that miR-612 inhibited the stem
cell-like property of HCC by regulating the Spl/Nanog
pathway.?' Zhou’s study found that miR-590-5p inhibited
breast cancer cell stemness and metastasis by targeting
SOX2.?? Other study has shown that miR-106b-5p promoted
stem cell-like characteristics of HCC by targeting the PTEN
via PI3K/Akt pathway.?* In this paper, the effect of mir-181c-

that microRNA plays an important

N-cadherin Vimentin

to detect the invasion capacities of SiHa cells. (B) Western Blot was performed to
. The experiments were repeated three times and the data are represented as

5p on the stem cell-like characteristics of SiHa cells was
investigated. Cancer stem cells have the ability to form
tumors after transplantation, as opposed to massive tumor
cells or non-tumorigenic cancer cells.”* Overactivation of
Wnt-mediated signals is widely recognized as one of the
most common events in CSCs of various tumor types.?
Here, we identified GSKIP gene as the target of miR-181c-
5p in cervical SCC. GSKIP is an activator of Wnt/B-catenin
signals and leads to upregulation of B-catenin by negatively
modulating the B-catenin inhibitor GSK3p.'**® We found
that miR-181c-5p attenuated the stemness of SiHa cells by
inhibiting the expression of GSKIP. In addition, at the protein
level, miR-181c-5p down-regulated the levels of SOX2,
OCT4 and CD44 with stem cell characterization. This sug-
gested that miR-181c-5p reduced the stemness in SiHa cells
by targeting the GSKIP gene.

Malignant tumors are usually characterized by tumor
migration and invasion.”” An epithelial-mesenchymal tran-
sition (EMT) which

is a biologic process allows
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ibited cervical SCC tumor growth in vivo. (A) Tumor tissue from subcutaneous xenotransplantation of mice. (B) The tumor weight. (C) qRT-PCR

was used to detect expression levels of miR-181c-5p and GSKIP from the mice. (D) IHCs were carried out to detect the impacts of the processes on proliferation,
apoptosis, stem cell-like property and EMT from the mice. (E) The proportion of Ki67, caspase-3, CD44 or Vimentin positive cells in vivo. The experiments were repeated

three times and the data are represented as means + SD; *P<0.05 vs control.

polarization of epithelial cells. EMT normally works with
the basement membrane through its basal surface to
undergo multiple biochemical changes that lead it to con-
sider mesenchymal cell phenotypes, including enhanced
enhanced anti-apoptosis, and

migration, invasion,

significantly increased production of extracellular matrix
(ECM) components.”® Completion of an EMT indicates
the potential degeneration of basement membranes and the
formation of mesenchymal cells, which can migrate from
their origin in the upper cortex.”” Studies have shown that
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EMT plays a crucial role in tumor migration and invasion.
For example, He et al confirmed that upregulation of miR-
181c inhibited EMT, with E-cadherin increased, and
N-cadherin and Vimentin decreased in glioblastoma
cells.”” Han et al demonstrated that miR-137 could sig-
nificantly suppress the migration and invasion of MCF-7
cells, which might be correlated with its suppressive
effects on the EMT procedure.® In this study, Transwell
assay was used to investigate whether miR-181c-5p regu-
lated migration and invasion of cervical SCC. The results
showed that the number of invasive cells was clearly very
low. At the protein level, the expressions of E-cadherin,
N-cadherin and Vimentin associated with the EMT process
were also detected. We found that the expression of
high while both of N-cadherin
and Vimentin were low in SiHa cells transfected with

E-cadherin was

miR-181c-5p mimics. It is well known that E-cadherin
expression is up-regulated and N-cadherin and Vimentin
expressions are down-regulated during the EMT process.?’
Obviously, the data showed that EMT-like changes could
be inhibited by miR-181c-5p overexpression. In addition,
in vivo experiments in mice further verified that miR-
181c-5p overexpression can significantly inhibit cell pro-
liferation and metastasis. In ICH assay, it was also furt
confirmed that miR-181c-5p inhibited the expressions
Ki67, CD44 and Vimentin but improved the exz i
Caspase-3 in cervical SCC tissues.

In conclusion, the miR-181c5p ové

cervical SCC. Mean
a gene target is

CC, cervical cance C, squamous cell carcinoma; CSC,
cancer stem cell; HPV, human papillomavirus; PKA, pro-
tein kinase; GSKIP, GSK3f glycogen synthesis kinase 3f;
AKAP, A-kinase anchoring protein, EMT, epithelial-

mesenchymal transition.
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